The purpose of this study is to investigate a new method for measuring shoulder range of motion (ROM) in an orthopedic practice utilizing a smartphone application to improve accuracy from physical exam typically used in research. Our aim is to evaluate the application, Physio2Go (P2G), which uses a virtual goniometer, assessing validity by comparing its measurements to those taken by a universal goniometer (UG). Two observers of varying clinical experience, a research assistant and research fellow, compared measurements. Statistically, we used the intra-class correlation coefficient (ICC), standard error of measurement (SEM), and the Pearson correlation coefficient (PCC). Following validation we tested P2G in symptomatic postoperative shoulder patients measuring forward flexion (FF) and external rotation (ER). We compared P2G measurements to visual estimation (VE) done by a fellowship trained orthopedic surgeon. Statistically we used ICC, BlandAltman plots with 95% limits of agreement (LOA), and scatter plots. We examined the impact of the application using Welch's t-test comparing pre-to-postoperative ROM improvements using the values obtained by P2G and VE. We found high intra-rater reliability of P2G for both observers, substantial correlation between UG and P2G measurements, highly correlated inter-observer reliability for UG and P2G, and statistically significant PCC values (p < 0.05). As expected, ROM measurements of symptomatic patients comparing P2G and VE measurements demonstrated lower correlation. Bland-Altman plots demonstrated wide confidence intervals; scatterplots and histograms confirmed low agreement among measurement methods. Clinical application demonstrated varying statistical significance depending on whether measurements were done by P2G or VE. Our study found that P2G provided superior reliability compared to the customary physical exam routinely used for orthopedic research. The value of using this application instead of a UG is the ease of use and the ability for any member of the healthcare team, regardless of clinical experience to be able to produce reliable and valid measurements.
Introduction
Accurate measurement of the shoulder joint range of motion (ROM) is imperative in assessing postoperative clinical outcomes. Many research papers designed to evaluate clinical interventions utilize differences in ROM obtained by visual inspection to draw conclusions on differences in outcomes. The validity of these conclusions is based on the accuracy of these measurements. However, the literature denotes that visual inspection for ROM measurements results in inaccuracy based on intraobserver variability and reproducibility [1] - [3] . Orthopedic investigators are in need of quick and cost-effective methods of obtaining accurate measurement for ROM on physical exam. The purpose of this study is to investigate a new method for measuring shoulder ROM in an orthopedic practice utilizing a smartphone application to improve accuracy from physical exam typically used for outcomes in research.
Goniometry has long been considered the golden standard when measuring a joint ROM [4] . Traditionally, the universal goniometer (UG) has been used to perform these measures clinically due to its relatively inexpensive cost, strong intra-class correlation coefficient (ICC), and high reliability of measurements, even when different clinicians are performing the measurements [5] [6] . Techniques used to measure the wide ROM of the shoulder joint need to be consistent and standardized in order to provide reliable and reproducible results [7] .
Despite its advantages, goniometry can also be time-consuming and demands proper training. As patient volumes are constantly rising, the time that the surgeon can allocate in an office visit has to be properly managed; thus surgeons are relying more heavily on medical assistants, physician assistants and research teams to help with in-office assessments. It is necessary that these teams adopt reliable and time-efficient methods that can be learned quickly and performed accurately without extensive clinical experience.
In the past decade there have been numerous studies investigating the accuracy, reliability, and ease of use for newer ROM measurement methods such as digital photography and inclinometers [1] [8] . Digital and high speed photography has shown excellent ICC and reliability for internal rotation (IR), external rotation (ER), flexion (FF), and abduction measurements [5] [8] [9] . Digital photography also allows continuity between clinical examination and patients' follow-ups through physical therapy [2] . However, digital photography may not be the most practical for immediate in-clinic results as they must first be uploaded to an external computer and then digitally measured.
Similarly, use of the hand-held digital inclinometer has garnered clinical support for its usefulness and accuracy in measuring ROM as well as strength. These devices rely on gravity to record the change in motion on a 360˚ scale [5] [10] . Unfortunately the cost and training required to use these devices can make them impractical for medical practices that lack the necessary resources. What we are beginning to see now is a shift from actual, expensive and measuring tools to smartphone applications (apps) that mimic these tools without the cost.
In 2013 more than 80% of clinicians used smartphones in their professional activities, and more than 50% of clinicians used tablets. These numbers are expected to continue to rise [11] . Numerous phone or tablet applications are now available for clinical use for free or a very small fee. Those designed to measure ROM have proven reliable and accurate [7] [12]- [15] . Some of these apps use built-in sensors such as a magnetometer or gyrosensor to determine ROM relative to the phone's position in space or a change in angle as the limb moves [7] [13] [15] . These apps function as inclinometers, for a much lower price than a traditional inclinometer and most show excellent reliability for healthy subject ROM measures when compared to UG measures [13] - [15] . The few studies that have measured ROM in symptomatic shoulder patients show slightly more errors in measurement, but still demonstrate substantial correlation with the UG measurements [7] [15] .
However, smartphone based inclinometers raise many concerns for their applicability in actual clinics. The use of these applications requires the device to be held by the patient or attached to the patient's body. As many patients, especially older ones, don't have the strength to hold a phone or tablet, they won't be able to use these applications. If the device is attached to the patient's wrist, one encounters the risk of the patient "cheating" the second axis by bending at the elbow to extend their ROM [7] . Also, these applications work off the gravitational directions of the earth's plane, which are not the same planes as the body used in ROM. While the supine position can align the horizontal axis with the body position, this is not possible for all directions necessary for shoulder ROM, which use the midline of the thorax instead of the true vertical [16] , nor is it practical for clinical use.
A different type of smartphone application used to measure ROM is the digital goniometer. These applications allow the user to take a photograph of the patient and digitally measure the ROM immediately on the photograph, providing a quick measurement that allows the user to account for bony landmarks and patient com-pensations. To our knowledge, only one such application has been evaluated, DrGoniometer; this application has shown high intra-and inter-rater correlation values and reliable agreement when compared to a UG when measuring elbow joint ROM [12] . To our knowledge, no studies have been conducted using a smartphone virtual goniometer app to test ROM of the shoulder joint. Our aim is to evaluate ROM using the smartphone application, Physio2Go (P2G), which uses a virtual goniometer, available through iTunes stores to all iOS operating system devices: iPad, iPhone etc.
By using P2G we will compare the digital shoulder ROM measurements with the visual estimation (VE) routinely done during physical exams. We aim to show that when taken in an actual clinical setting VE is inaccurate and varies widely, well over the ±10˚ acceptable for clinical use [17] . Isolating a particular cohort of our patients undergoing reverse total shoulder arthroplasty, we aim to demonstrate the advantage of using P2G instead of VE when applied to specific patient pre-to-postoperative comparisons. We believe that few practices today use physical goniometers for each patient exam; it can be clumsy, take too much time, or be inaccurate if the observer isn't well trained. By using an easy smartphone application, this will ideally allow clinicians to measure ROM quickly and reliably, keep accurate records, and allow a cohesive congruity to the electronic medical records required in today's healthcare systems.
Methods

Subjects
Following Institutional Review Board approval we began to enroll healthy subjects for validation. After giving consent for participation, six healthy female (11 shoulders) subjects, average age 30 years (23 -34) were used in this part of the study. Subjects were included if they had no self-reported history of previous shoulder injury, exclusion criteria was previous or current shoulder injury. Both shoulders were used for measurement, regardless of dominant arm. Although we attempted to also enroll males for validation, this was done on one day due to staff availability and only females consented to participate.
Following the initial validation (validation method detailed in 2.4a), 97 symptomatic patients (47 men) with a mean age of 59.8 (18 -88) were selected at random, and consented for evaluation as part of their standard postsurgical follow up. Patients included were those who had undergone shoulder arthroscopy procedures (n = 41) within 6 months or shoulder arthroplasty procedures within 12 months (n = 56). Patients who had serious postoperative complications such as fractures were excluded along with any revision cases. Patients who had obviously varying ROM (greater than 10˚ by visual estimation) upon repeated testing were also excluded.A sample size of 97 was chosen from a significance of 0.05 (alpha) and power of 0.20 (beta) considering 95% confidence intervals with a 5% margin of error. Validation was done in November 2014; symptomatic evaluation was completed between November 2014 and June 2015.
Observers
To evaluate inter-and intra-observer reliability a research assistant with 1 year clinical experience and a research fellow with 10 years of experience performed all goniometric and tablet application measurements. (Calculations used to calculate intra-rater reliability described in section 2.5). Once interobserver reliability was established the research assistant performed all tablet application measurements. VE was performed by a fellowship trained orthopedic surgeon with over 10 years practice in shoulder and elbow surgery.
Devices
Shoulder ROM was measured using three methods: a standard double-arm plastic universal goniometer (UG) (Clinoril ® ), where one face was covered to prevent examiners from reading the measurement; the smartphone application, Physio2Go, (Gerard Vehof Physiotherapy, 2015) which was downloaded onto two Ipad-mini (iOS 8.3); and VE performed by a fellowship trained orthopedic surgeon.
Procedure
Validation
Prior to the start of validation the research assistant and research fellow had two weeks to familiarize themselves with P2G and practice using the app. The surgeon was shown the application and how it would be used to measure ROM but did not use the application. Both research assistant and research fellow also re-familiarized themselves with the process of using the UG to measure FF and practiced identifying the relevant bony landmarks of the shoulder.
Healthy volunteers stood perpendicular to the wall of exam room at a position marked by tape on the floor. They were instructed to forward flex the arm farther from the wall as high as they could until end of motion. The research assistant and research fellow each measured FF using the UG twice, measurement was read by an independent observer and recorded. Patient then repeated motion for measurement using P2G (Figure 1) . Observer stood directly in line with shoulder at a standard distance marked by tape on the floor and used P2G to take a picture of the patient's FF (Figure 2) . Each observer used P2G to measure ROM twice. The screen of the application was taped over to prevent the observer from knowing what the first measurement read. The entire measuring protocol was repeated for the other shoulder with the patient turning 180˚ so the first measured shoulder was now closer to the wall. 
Symptomatic Patients
After patients consented to participation the research assistant measured FF and ER using the smartphone application Physio2Go at a follow up visit (Figure 3 and Figure 4) . The research assistant then left the exam room and informed the surgeon which arm needed to be measured visually. Upon leaving the patient exam room the surgeon told the research assistant his FF and ER measurements and the research assistant recorded these and the application measurements immediately. The surgeon was blinded from results of the application and was not made aware of how his estimates compared to the estimates of the application until after the close of the study.
FF was measured post-operatively as part of the patient's standard follow up protocol. Patient was instructed to stand perpendicular to exam room wall with affected shoulder closer to examiner. Examiner identified bony landmarks on patient and instructed patient to lift arm in the plane of the body as high as possible, keeping elbow extended if possible. Photograph was taken from a standard distance, marked on exam floor, as close to the level of the patient's acromion process as possible and ROM angle was measured and recorded before the examiner left the room.
For ER measurements patients sat in an armless chair, back to the wall, and were instructed to keep shoulders straight, parallel to the wall. The examiner demonstrated the motion and instructed the patient to bend their arm at the elbow to 90˚ flexion. Patients then brought the hand away from the plane of the body, keeping the elbow against their side, until they couldn't extend the arm without jeopardizing parallel shoulder placement. In-application photograph was taken from above the patient, in line with the acromion, the angle was measured from between the plane of the humerus and the elbow (Figure 4) .
The attending orthopedic surgeon measured ROM for all patients in the cohort. As is standard practice for office visits, the physician estimated the ROM visually. Patient was instructed to lift the postoperative arm forward as high as possible to estimate FF. Patient was then instructed to hold elbow in to their side and bring hand away from the body. The surgeon reported his estimates to the research assistant upon leaving the patient room. 
Statistical Analysis
In order to determine validity of P2G we compared it to the UG using the intraclass correlation coefficient (ICC (2, 1)). The ICC (2, 1) is a two-way random effect model (observers and subjects are both treated as random effects) with a single measure and agreement for each measurement, hereon ICC will refer to ICC (2, 1). ICC was interpreted using the original scale determined by Landis and Koch such that: 0.00 -0.02, slight correlation; 0.21 -0.40, fair correlation; 0.41 -0.60, moderate correlation; 0.61 -0.80, substantial correlation; and 0.81 -1.00, almost perfect correlation [18] .
Intra-rater and interrater reliability was measured by the ICC for the research fellow and research assistant across two trials of FF in healthy subjects, for both UG and P2G. This was expressed as ICC with a 95% confidence interval. The standard error of measurement (SEM) was also used as a reliability analysis for each observer and each method. SEM was calculated by the equation:
SEM is inversely related to reliability, i.e. larger SEM values indicate lower SEM. Although SEM is a 68% confidence interval, it is the ubiquitous standard for ROM research and is used along with 95% confidence intervals. Pearson correlation coefficient (PCC) was calculated for an additional relationship measure of P2G compared to UG for both evaluators; higher PCC (closer to 1) indicates a stronger correlation between values.
To determine agreement and reliability between VE and P2G we used ICC with both 95% confidence intervals and SEM. We also used Bland-Altman plots to investigate systematic differences and assess 95% limits of agreement (LOA) as a second, visual indication of agreement. LOA is calculated as LOA = mean difference ± 1.96 (SD). Good agreement would be indicated by random differences around the zero difference line. Similar to SEM, lower LOA indicate that the two methods of measurement are equivalent, larger LOA indicate an ambiguous relationship between methods. Agreement between VE and P2G was also assessed by scatter plots.
In order to demonstrate clinical applications of the necessity to use a reliable, consistent method we used half of the patients who had reverse total shoulder arthroplasty (rTSA) and ran an F-test for two-sample variance to determine variance. A two-sample Welch's t-test of statistical significance was used to compare preoperative recorded ROM values and postoperative P2G measurements and also between preoperative ROM and postoperative visually estimated values.
Results
Validation
Intra-rater reliability measures comparing the research fellow and research assistant can be seen in Table 1 . Both measurement methods had comparable error and each had high reliability, ICC greater than 0.80, SEM < 3.0. The research fellow and assistant had almost identical ICC values for repeated measurements using the UG, each with low SEM. The highest intra-rater reliability was achieved by the research assistant for their repeated measures using P2G, (ICC = 0.900) with the lowest SEM of 1.4˚. ICC for the research fellow using P2G was 0.837 (SEM = 1.9˚), showing similar substantial correlation as their UG measurements.
The intra-rater reliability between UG and P2G measurements was higher for the research assistant than the research fellow ( Table 2) . Both ICC values were high enough to demonstrate substantial or almost perfect cor- Table 1 . Intra-rater reliability, intraclass correlation coefficient (ICC) and 95% confidence intervals, used to determine reliability of each examiner using both UG and P2G in the forward flexion position. SEM: standard error of measurement; FF: forward flexion. . SEM values for intra-rater comparison across measurement modality were similar to those observed within measurement (SEM < 3.0˚).
Comparing interobserver reliability for healthy subjects in the forward flexion position showed high degree of correlation between the two evaluators ( Table 3) . Measurements taken using UG achieved the highest correlation (ICC = 0.909). Similarly, the reliability for P2G showed substantial reliability regardless of evaluator. Both measurements demonstrated low SEM (<2.0˚). The final measure of correlation, PCC, was high for both research fellow (0.679, p < 0.05) and research assistant (0.777, p < 0.01).
Symptomatic Patients and Clinical Application
Evaluation of interobserver reliability between VE and P2G can be seen in Table 4 . There is a high degree of reliability when VE is compared to P2G for FF, (ICC = 0.879). For ER there is slightly less agreement, (ICC = 0.682). The average ICC for reliability between VE and P2G measures was substantial, at 0.781. The SEM values for both shoulder angles measured were high, 8.9˚ for FF and 10.0˚ for ER, these were the highest SEM values of any observations. Low visual agreement for FF measures between VE and P2G measurements can be seen in Figure 5 and Figure 6 . Bland-Altman plots (Figure 7 and Figure 8) show low agreement and high ambiguity between the measurements in both FF and ER. For FF the mean difference between measurements was 3.3˚ with a 95% LOA ± 23.9˚ (SD of 12.2˚). There was also low agreement visualized on scatter plots and histograms for ER ( Figure  9 and Figure 10 ). For ER Bland-Altman mean difference and 95% LOA was −3.1˚ ± 27.4˚ (SD of 14.0˚).
Half of the patients who underwent rTSA were chosen at random to compare their recorded preoperative ROM values with the different postoperative values. The difference between preoperative FF values (obtained with informed consent from patient chart) and the VE of postoperative FF was significant (p = 0.007). Comparing these same preoperative FF values and the P2G postoperative FF values the difference was much less significant (p = 0.023). Similarly for ER, the difference between preoperative ER and visually estimated ER tended to indicate more significance than between preoperative and P2G measured ER), although neither reached statistical significance (p > 0.05).
Discussion
The use of smartphone applications to digitally measure ROM is unique in its ability to increase reliability while simultaneously improving clinical efficacy [7] [13] [15] . Previous improvements to ROM technology, such as digital or still photography, sacrificed quickness for reliability [2] , while methods commonly used for speed, such as visual estimation, sacrificed reliability [3] . We find that physical exam is both inaccurate and potentially misleading, but can be easily replaced by the valid and accurate use of a smartphone application. There exists a clear precedence to incorporate these applications into medical practice one; effectiveness is evaluated. Therefore we chose a novel approach, investigating both effectiveness and clinical importance of a previously unstudied smartphone application, to demonstrate the importance of integrating this technology into modern day medical practice.
It is without contest that the ability to measure ROM quickly and reliably is imperative for successfully documenting clinical outcomes. The results of our study indicate strong validity for the P2G application as well as an important clinical relevance. High intra-and inter-rater reliability measurements during validation, coincident with ease of use, are encouraging for this application's potential as a widely used clinical tool. In comparison to other studies examining smartphone inclinometer applications, our intra rater reliability measurements for UG (ICC > 0.80) are within the range of other reported values for UG (0.64 -0.91) [7] [15] . Although no other study has looked at P2G, intra rater reliability measures for smartphone based inclinometers and digital goniometers (ICC > 0.90) [7] [12] [14] are similar to the reliability measures we have obtained (ICC = 0.84 -0.90). Of note, our ICC intra-rater reliability measures far exceed those recorded using still photography for shoulder ROM (ICC = 0.54) [8] . Additionally, for both research fellow and research assistant we observed higher intra rater reliability when using the P2G than when using the UG, a trend observed in multiple other studies [7] [14] [15] , indicating the ability to obtain repeatable and reliable measures when using a smartphone application. Similarly, our SEM values are well below the clinically acceptable interval of 10˚ [17] , with lower SEM achieved when using P2G.
Our reliability values for intra rater across UG and P2G showed substantial or near perfect correlation (ICC > 0.79). Correspondingly, the SEM was low for both observers (<2.5˚), with the lower SEM obtained by the research assistant. Studies using multiple evaluators of varying experience level have also shown similar results that smartphone applications and UG can have high reliability regardless of observer experience level, with the least experienced evaluator occasionally recording the best reliability [15] .
The final measure of validity of P2G was the inter-observer reliability measured in forward flexion. Although the UG showed slightly higher inter-observer reliability than P2G (ICC = 0.73), both indicated strongly correlated results. Werner et al. reported very similar interrater ICC values for the smartphone inclinometer application they examined (ICC = 0.75) [15] , as did Shin et al. (ICC = 0.63 -0.83) [7] . Both of these reliability measures are higher than interrater reliability reported for goniometery (ICC = 0.69) and still photography (ICC = 0.73) [8] .
Our SEM for both methods of evaluation was lower (<2.0˚) than those reported for other smartphone ROM applications (7.8˚ -14.15˚) [7] . In order to confirm our validity we measured PCC for interobserver measurements for both evaluators and methods. The high PCC values (PCC > 0.6) were both significant (p < 0.05), indicating strong correlation between UG and P2G ROM measurements for both observers.
High intra rater reliability measures indicated that the raters, irrespective of experience level, were able to obtain reliable and reproducible ROM values for healthy subjects. The research assistant's higher ICC values when using P2G may be due to more time spent familiarizing themselves with the application, although each observer was allowed the same amount of time. Once interrater reliability of P2G was demonstrated the application was then used in the clinical trial comparing P2G and VE in symptomatic shoulder patients. We chose not to validate the ROM measures using ER due to time constraints and the general consensus in literature is that when ICC values for FF are high they are also high for ER measurements [7] [15] .
The attending surgeon did not complete a validation for VE as we aimed to demonstrate the applicability of incorporating this application into a busy clinical practice. We expect that as found in previous studies, visual ROM estimates would have low interrater reliability and only moderate intra rater reliability for ROM in symptomatic shoulders [3] [7] . Were the attending to re-familiarize themselves with the visual ROM scale this would negate the clinical relevance; we believe that a visual re-familiarization is not done frequently in practices. A benefit of using a digital application such as P2G is that one doesn't have to re-familiarize themselves with the technique. If used consistently, ROM measurements from a digital application will remain consistent and the scale never becomes faulty.
Due to the necessity to be present at all clinics, only the research assistant performed the P2G measurements for symptomatic patients. The high ICC values obtained by the assistant during validity testing lend credit to their ability to accurately measure using P2G. Normally in the clinical setting a physician assistant or a clinical fellow evaluates a patient first, visually estimating ROM, and the surgeon then visually confirms the recorded ROM. The use of an application to measure ROM by a research assistant is akin to a physician assistant who has the time to learn the technology and measure during their in-office evaluation. IR was not measured because our clinical protocol is to use vertebrae levels and not degrees as indices and thus this measure cannot be performed using a goniometer or virtual goniometer application [19] .
As anticipated, there was large disparity between VE and the calculated P2G ROM values. Although ICC values for FF indicate a high degree of correlation (ICC = 0.88), correlation does not necessarily imply agreement. A lack of agreement in FF measurements can be seen as the differences between measurements ranged from 1˚ to 27˚. We also obtained a high SEM (8.9˚), which while still clinically reliable is much higher than the SEM values obtained for interrater reliability during validation.
We believe the apparent "reliability" between measures is due to the large sample size while the low mean difference between measurements is due to the VE values both greater and less than P2G values, balancing out the average. The actual disparity between measures can best be seen in Figure 5 and Figure 6 , which show the low agreement between measures, and the high frequency of measures that disagree by more than 10˚. The Bland-Altman plot for FF shows a very wide 95% LOA (3.3˚ ± 23.9˚), indicating that, as expected, the two methods of measurement cannot be considered equivalent (Figure 7) .
The low agreement between VE and P2G was also apparent for ER. Inter rater comparison had the lowest ICC value measured (0.68), and the correspondingly largest SEM (10.0˚). Figure 8 and Figure 10 demonstrate visually the large disparity between the VE and P2G measurements. In the histogram (Figure 9 ), one can see that approximately half (48) of the ER measurements differed by greater than 10˚, thus outside the limit for clinical relevance. The Bland-Altman plot shows the extremely large 95% LOA (−3.1˚ ± 27.4˚), indicating that the two methods for measuring ER are not equivalent (Figure 8) .
To understand the importance of having both reliable and accurate measures we applied our results to a patient cohort, to mimic what would be done for a research cohort examining patient outcomes. We randomly selected half of our reverse total shoulder patients from the ROM measuring cohort to analyze outcomes. We compared FF values recorded preoperatively (VE by physician assistant) to postoperative values measured by the two methods (VE and P2G). When evaluating change of ROM using the visually estimated postoperative data it appeared that there was a significant improvement in FF (p = 0.007). However, when comparing postoperative outcomes using the P2G measurements there was much less significance (p = 0.02). While this was a small sample size of patients it demonstrated the necessity to use the most reliable method, in this case, P2G, in order to truly validate significance. For ER, neither comparison (pre-to-postoperative) reached statistical significance. Yet still there was again a disparity between significance levels reported for VE and P2G, p = 0.208 and p = 0.898 respectively.
We believe the limits of this study to be due to the time restriction; as we are evaluating a tool that may be updated frequently we wanted to complete this study in a 6 month window to present the most current and up-todate technology available. Therefore we were unable to use ER for validation, but, as mentioned previously, the literature supports our conclusions made using FF. Additionally this study does not address a method for accurately measuring IR using a smartphone application. We believe further study should investigate IR using smartphone applications, with a focus on quick, simple, methods that don't force the patient into difficult or stressful positions.
This study validates the use of P2G, a novel smartphone application, as an accurate clinical tool employing a virtual goniometer to measure ROM. Having a digital measure of the image would allow the clinician to seamlessly work with other members of the patient care team, such as the physical therapists or physician assistants. P2G required minimal familiarization and allowed clinicians to accurately measure ROM without relying on gravitational calibrations or concerns of body habitus interfering with values, both of which are concerns for inclinometer based applications [7] [15] .
As physicians strive to meet the demands of the increasing patient volume, maintain standards of patient care, and improve evaluation measures, they need the best tools available. It is evident from the large amount of clinicians using smartphone technology in their practices that this is an important and emerging aspect of modern medicine. The necessity to accurately measure shoulder ROM to properly monitor postoperative outcomes is critical for both research purposes as well as clinical evaluation. The ease of misreporting these values and the impact this can have was demonstrated through our clinical application showing false significance when VE was used.
The purpose of this study was to investigate the applicability, and efficacy, of a new method of measuring shoulder ROM aimed at improving accuracy for clinical investigators. Our study found that this application provides superior reliability compared to the customary visual physical exam routinely used for orthopedic research. Furthermore our results showed the extent to which research validation can be jeopardized when using physical exam by inspection instead of more accurate methods. The value of using this application instead of a UG is the ease of use and the ability for any member of the healthcare team, regardless of clinical experience to be able to produce reliable, valid measurements, as indicated by the high reliability achieved by the research assistant. We encourage the use of digital ROM applications for any practice that frequently needs quick, recordable values. The use of a standardized application, across orthopedic practices, will help validate research significance, effectively eliminating the existing discrepancies between current measurements. We believe that using this readily available, novel, and innovative technology provides the clinician with the necessary means to effectively and efficiently substantiate clinical values thus elevating the precision of the derived research.
